Nervous System (II) i 0

» /,
° tl E’ b ;{ Q-L" | NERVOUS SYSTEM |
e AL wb
CENTRAL NERVOUS PERIPHERAL NERVOUS
T h B . SYSTEM (CNS) SYSTEM (PNS)
e ra I n Brain Sensory (afferent) neurons

(somatic and autonomic)

- Input
Cranial nerves and spinal nerves
Output
) £<<< ,‘z ‘z‘
B " ;f FEN
H : — Mot ff t
* Autonomic Nervous Spinel eror(efterent ”e”"’”s_‘
SyStem (NEXt WeEk) Somatic Autonomic
(voluntary) (involuntary)
1
Sympathetic  Parasympathetic
Y \ /
Skeletal Cardiac muscle, smooth
EFFECTORS muscle muscle, and glands
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The Brain

= Principal parts of the brain
= Protective coverings of the brain
= Cerebrospinal fluid %% % #&/%

8 A J‘ E«c

= Brain stem & Cerebellum "gif % /| 5

{11

= Diencephalon # %

{11

= Cerebrum =+ %4

= Cranial Nerves (next week)



(c) Secondary brain vesicles

(d) Adult brain
structures

(e) Adult neural
canal regions

- "-\\\
\
\ | Telencephalon

||

Diencephalon

Mesencephalon

Cerebrum: Cerebral
hemispheres (cortex,
basal ganglia)

Brain stem: midbrain

Lateral ventricles

Third ventricle

Cerebral aqueduct

Metencephalon

Brain stem: pons

Myelencephalon

Brain stem: medulla
oblongata

Fourth ventricle

Spinal cord

Central canal




Cerebrum

-:rhalamus

Diencephalon-

 Hypothalamus -[

—(

Brain

stem
Medulla

_ oblongata




Central

Cortex of

G I’ay mattel’ ;:\gligtory | gray matter

and white pelamal S Inner gray

matter of the  cerebrum Outer white
matter

Gray matter

CNS

Central
cavity

Inner gray
matter

Quter white
matter
Gray matter

Central
cavity

Outer white
matter

Inner gray
matter

Spinal cord



Protective coverings of the brain

Frontal plane

Superior
sagittal sinus

Parietal bone
of cranium

CRANIAL MENINGES:
— Dura mater

— Arachnoid mater
Pia mater

Subarachnoid
space

Arachnoid villus Cerebral cortex

€ Falx cerebri
&7
\ -
. R g Frontal section through skull showing
" Bone, meni nges W };3‘— the cranial meninges

= Meninges same as around the spinal cord
= Dura mater extensions



Dura mater extensions

falx cerebri

“C

"

tentorium cerebelli -]

mﬁ

falx cerebelli -]

Occipital lobe

Tentorium
cerebelli

Cerebellum
Arachnoid mater

over medulla
oblongata

R

Skull
Scalp

Falx cerebri
Dura mater
Tranverse

sinus

Falx cerebelli

Superior
sagittal sinus

Straight
sinus

Tentorium
cerebelli

Crista galli of the
ethmoid bone

Cavernous
sinus

Internal carotid
artery

Falx cerebelli

middle menin,



Blood Supply to Brain wote, oG

Internal
carotid
artery,

* Arterial blood supply is

. - Circle of \ ‘1 5
branches from circle of Willis Willis % TR
. A ’_",\‘_ -
on base of brain (AN
‘ Sy i) R < N
: WO A )
*\Vessels on surface of brain -- Basﬂarg :g,é_?ﬁ/
_ SUES
--penetrate tissue Rl a (P
y A Bottom view of brain
FADAM.

= Uses 20% of our bodies oxygen & glucose needs

> blood flow to an area increases with activity in that area
= deprivation of 02 for 4 min does permanent injury



Blood-Brain Barrier (BBB) x & *&fi &=

protects cells from some toxins and pathogens

o tight junctions seal together epithelial cells, continuous
basement membrane, astrocyte processes covering

capillaries

Basement membrane -

Neuron

Lumen of blood vessel

Pericyte

Endothelial cell




Cerebrospinal fluid (CSF)iS$E 8K

*80-150 ml (3-502)
* Clear liquid containing glucose, proteins, & ions

* Functions
* mechanical protection
* floats brain & softens impact with bony walls

e chemical protection
 optimal ionic concentrations for action potentials

e circulation
* nutrients and waste products to and from bloodstream



Origin of CSF: Choroid plexus % % &

Ependymal =
cells Superior
sagittal sinus 3 S
P '\\
Superior = B 2
; cerebral vein Py NS
AN
Caplllary Choroid plexus - o\
Cerebrum covered '
) with pia mater / /
Connective 8 i 1
A eptum -
tissue of L Section pellucidum \
pia mater of choroid Corpus
plexus callosum
Interventricular
foramen
Third ventricle
Pituitary gland
. - ; Cerebral aqueduct
Wastes an Cavity of Cerebrospinal fluid forms as a T —
unnecessary ventricle filtrate containing glucose, )
solutes absorbed oxygen, vitamins, and Fourti veniicls
ions (Na*, CI-, Mg?*, etc.) Median aperture

= Choroid plexus % % % ﬁ*
{

= capillaries covered \7

by ependymal cells \/

* 2 lateral ventricles, one within each cerebral hemisphere
e roof of 3rd ventricle
e fourth ventricle

Arachnoid

villus

Subarachnoid space
Arachnoid mater
Meningeal dura mater
Periosteal dura mater
Great cerebral vein

Tentorium cerebelli
Straight sinus
Confluence of sinuses

Cerebellum

Choroid plexus

Cerebral vessels
that supply
choroid plexus

Central canal
of spinal cord

Spinal dura mater
(dural sheath)

Inferior end of
spinal cord

Filum terminale
(inferior end
of pia mater)



Brain Ventricles

POSTERIOR ANTERIOR
Cerebrum
LATERAL VENTRICLES
INTERVENTRICULAR FORAMEN
FOURTH VENTRICLE

Cerebellum THIRD VENTRICLE

CEREBRAL AQUEDUCT

LATERAL APERTURE
MEDIAN APERTURE Pons
SUBARACHNOID SPACE Medulla oblongata
CENTRAL CANAL Spinal cord

(a) Right lateral view of brain
© Addison Wesley Longman, Inc.

INTERVENTRICULAR FORAMEN

LATERAL VENTRICLES

Cerebrum

THIRD VENTRICLE
CEREBRAL AQUEDUCT
LATERAL APERTURE FOURTH VENTRICLE

MEDIAN APERTURE

(b) Anterior view of brain

© Addison Wesley Longman, Inc.



Drainage of CSF from Ventricles

Superior sagittal sinus ARACHNOID VILLUS

SUBARACHNOID SPACE Falx cerebri

(surrounding brain)
Septum pellucidum

LATERAL VENTRICLE
CHOROID PLEXUS
Cerebrum THIRD VENTRICLE
CEREBRAL AQUEDUCT
Tentorium cerebelli
Cerebellum
 FOURTHVENTRAICLE wreracaperture | 2 |ateral apertures

I meoan APERTURE | 1 median aperture
allow CSF to exit
from the interior
of the brain

% Frontal plane
LA
@

/
[y

SPINAL CORD

v
L]
\

SUBARACHNOID SPACE
(surrounding spinal cord)




Flow of CSF

Lateral ventricles

(choroid plexuses)

= Interventricular

foramen

- 3rd Ventricle

—> cerebral agueduct

- Fourth ventricle

- 1 median aperture
2 lateral apertures

- central canal of
spinal cord

- subarachnoid
space

CHOROID PLEXUS OF
THIRD VENTRICLE

Cerebrum

Intermediate mass
of thalamus

Posterior

commissure YA (%
/
Great cerebral &

vein

Straight sinus

Cerebellum

AQUEDUCT OF THE
MIDBRAIN (CEREBRA
AQUEDUCT

CHOROID PLEXUS OF
FOURTH VENTRICLE

MEDIAN APERTURE

. Sagittal plane

J i

Superior cerebral vein
ARACHNOID VILLUS

SUBARACHNOID SPACE

-\ \-— SUPERIOR SAGITTAL
\\ sINUS

: Corpus callosum
7 /;," LATERAL VENTRICLE

INTERVENTRICULAR
FORAMEN

Anterior commissure

Midbrain THIRD VENTRICLE

Pons

Cranial meninges:
LATERAL APERTURE
Pia mater

Arachnoid mater
Dura mater

FOURTH VENTRICLE

Medulla oblongata

Spinal cord
CENTRAL CANAL

ﬂ\ Path of:

| ——> CSF
| SUBARACHNOID SPACE —> Venous blood

|

Filum terminale



Re-absorption of CSF: into superior sagittal
sinus (arachnoid villi)

Frontal plane

Sup_erior_ 1) S L L hd ~ 4 Skin
sagittal sinus PEo o o e

PR — ~___L Parietal bone
DURA MATER: w wwr;| Of cranium

Periosteal layer —jezit

Meningeal layer ———= ~ CRANIAL

| MENINGES:

Subarachnoid — | V= AN Dura mater
space f | ¥ | Arachnoid
Arachnoid villus/ .. [~ Piamater
FALX CEREBRI O Cerebral
cortex

Frontal section through skull showing the
cranial meninges

* Reabsorbed through arachnoid villi
* grapelike clusters of arachnoid penetrate dural venous sinus

* 20 ml/hour reabsorption rate = same as production rate



Hydrocephalus -k &aE

* Blockage of drainage of CSF
(tumor, inflammation,
developmental malformation,
meningitis, hemorrhage or

injury)
* Continued production cause

an increase in pressure ---
hydrocephalus

/4
CLINICAL APPEARANCE IN
"ADVANCED HYDROCEPHALUS

SITES OF OBSTRUCTION IN
INTERNAL HYDROCEPHALUS "
1. Interventricular foramina (Monro) |
2. Aqueduct of Sylvius
3. Foramina of Luschka

SECTION THROUGH BRAIN SHOWING MARKED
DILATATION OF LATERAL AND THIRD VENTRICLES

N
® o
'



Brain Stem (&
Medulla Oblongata #Lf& Pons #&f  Midbrain 9

ANTERIOR

-

Thalamus
DIENCEPH/

Hypothalarmﬂ

——

Midbrain

Pons
— BRAIN STEM

Medulla
oblongata

e

Spinal cord

(b) Medial aspect of brain in sagittal section



Brain stem ("&i¥)

Frontal lobe Filaments of
olfactory nerve (l)
Olfactory bulb
Olfactory tract
Temporal lobe Optic nerve (Il)
Optic chiasma
Optic tract
Infundibulum Oculomotor nerve (lIl)
Facial nerve (Vi)
Trochlear nerve (IV)
Vestibulocochlear
nerve (VIll) Trigeminal nerve (V)
Glossopharyngeal Abducens nerve (VI)
nerve (IX)
Vagus nerve (X)
Accessory nerve (XI) Cerebellum
Medulla

Hypoglossal nerve (XII)



Brainstem and Cranial nerves

Diencephalon ——

Thalamus
Superior
colliculus goa:g(r)';aem'na
: uadri i
s Inferior o (oot

' o }.;/';,_;-/ colliculus

- ‘ J Trochlear nerve (1V)
o ~ Superior cerebellar peduncle

..k 2

Anterior wall of
fourth ventricle

Choroid plexus

Vestibulocochlear nerve (VIil)

% Inferior cerebellar peduncle
| / Facial nerve (VII)

— & o ——

~s— Glossopharyngeal nerve (IX)

(fourth venticle)

Dorsal median sulcus

(c) Dorsal view

G~ Vagus nerve (X)
o

Accessory nerve (XI)

i | , Dorsal root of first
Ve b S cervical nerve

— Midbrain —

Middle cerebellar peduncle |- Pons

_ Brain
stem

— Medulla -




Medulla Oblongata (2£ %%): 2 & ¥ +%

Hypoglossal nucleus (XII)

Dorsal motor nucleus
of vagus (X)

Inferior cerebellar
peduncle

group

Medial nuclear
group

| Raphe nucleus

c
o
-

©

£

=
o

—
&

3
L
k)
(1

Medizal lemniscus

Continuation of spinal cord =

Ascending sensory tracts 2
Descending motor tracts 2
Nuclei of 5 cranial nerves o

Fourth ventricle

Solitary

Choroid nucleus
plexus
Vestibular
nuclear
complex (VIII)
o & Cochlear

.-3' nuclei (VII)

: ';”A‘.
o oo
0& AY
" Nucleus
%% ambiguus
A% .%
W‘@‘* W as—— Inferior

VR o olivary
A ,' ! """f'j'.',';?.ﬁf \— nucleus

= Pyramid
Cardiovascular center
Respiratory center
Information in & out of cerebellum

Reflex centers for coughing, sneezing,
swallowing etc.



Sensory nuclei: %8 g* %
Nucleus cuneatus ##k +% (F %)
Nucleus gracilis & & +% (™ &)

i P R OFIER

[ 1st order neurones

[ 2nd order neurones

[ 3rd order neurones

Nucleus e

cuneatus

Nucleus ..

gracilis BRI
Lowerlimb  Tf%
Upper limb I3

Primary somatosensory
area of cerebral cortex

THIRD-
Thalamus ORDER
NEURON
RIGHT SIDE LEFT SIDE
OF BODY OF BODY
Medial
i lemniscus
SECOND-
ORDER
NEURON
Nucleus Pam
gracilis Nucleus
cuneatus
POSTERIOR
FIRST-ORDER COLUMN:
NEURON :
Fasqlpulus
Receptors for gracilis
discriminative Fasciculus
touch, cuneatus
stereognosis, P Spinal nerve
proprioception, \
weight

discrimination,
and vibration
2 Addison Wesley Longman, Inc

Spinal Cord



Autonomic functions of Medulla Oblongata 7Ef; :

1. Cardiovascular center:

regulates the rate and force of heartbeat and blood vessels diameter

2. Medullary rhythmicity area of the Respiratory center

*Centers for Swallowing, Vomiting, Coughing, Sneezing, and Hiccuping

Fourth ventricle
VAGUS NUCLEUS
(dorsal motor)

HYPOGLOSSAL
NUCLEUS

Vagus (X) nerve
Vagus (X) nerve

INFERIOR OLIVARY OLIVE

NUCLEUS Hypoglossal
(XI) nerve

Hypoglossal

(XI) nerve PYRAMIDS

DECUSSATION

OF PYRAMIDS

Lateral corticospinal tract fibers Spinal nerve C1

Anterior corticospinal tract fibers

Spinal cord



Pons B

Middle cerebellar pedunclesd /N EiHal = cerebellum

/ . Pineal gland
i — Poslernior commissure

Inferior colliculus

\

Cerebral agueduct : N/ Mammillary body

— L Cerebral peduncle
WHITE MATTER R W
(ARBOR VITAE) / \% N \— Oculomotor (Ill) nerve
SITE OF LN s g Pons
CEREBELLAR 5 / : o e PN — Fourth ventricle
NUCLEUS N Y 7.
FOLIA _‘\lf

CEREBELLAR CORTEX X

,g AN X > ____-:-‘ Medulla oblongata
h’f, i .\'..: o :‘{-f"/ Median aperture

(GRAY MATTER) A
Cerebellum ' Central canal
of spinal cord
POSTERIOR ANTERIOR

(c) Midsagittal section of cerebellum and brain stem

© Addison Wesley Longman, Inc



= Oneinchlong

= White fiber tracts ascend and descend

" Pneumotaxic area AR & apneustic areas BIRE
help control breathing

Fourth

Superior cerebellar ventricle

peduncle

Trigeminal- Reticu!ar
main sensory formation
nucleus

N
G : S N
Trigeminal —==— T
motor R NRN 7
nucleus/‘\.\.:\s ,'
Middle e NS
cerebellar 7 [ NG
7)
peduncle 7 S ,
Trigeminal Pontine nuclei
nerve (V) Fibers of a
pyramidal

Medial lemniscus tract



Ponsigis

Olfactory () nerve fibers

Nuclei for craninal nerves:
1. trigeminal nerves (V)

2. abducens nerves (VI)

3. facial nerves (VII)

4. vestibulocochlear nerves
(V1) for equilibrium

Optic (II) nerve

Oculomotor (lll) nerve

Trochlear (IV) nerve

Trigeminal (V) nerve

*Pneumotaxic area

P AT

Abducens (VI) nerve
Facial (VIl) nerve

Vestibulocochlear
(VIII) nerve

Glossopharyngeal
(IX) nerve

apneustic area &R &

(+ medullary rhymthmicity
area)

-> control the respiration

Vagus (X) nerve

Accessory (XI) nerve

Hypoglossal (XIl) nerve

POSTERIOR



Midbrain Hf

Superior cerebellar peduncles _F/NigHl—> cerebellum

Tectum:JBE

Superior colliculi _E Fr: reflex centers for the movements of eyes, head,
and neck in response to visual and other stimuli.

Inferior colliculi | = reflex centers for the movements of the head and
neck in response to auditory stimuli.

. Third ventricle
Habenular nuclei

Pineal gland Thalamus

Corpora quadrigemina:
Superior colliculi
Inferior colliculi

Lateral geniculate nucleus

Medial geniculate nucleus

Trochlear (V) nerve

Median eminence

Superior cerebellar peduncle

Middle cerebellar peduncle

Floor of fourth ventricle

Inferior cerebellar peduncle

Facial (VIl) nerve

Vestibulocochlear
(VI nerve

Glossopharyngeal
(IX) nerve

Vagus (X) nerve

Posterior median sulcus

3 Accessory (XI) nerve
Fasciculus cuneatus ry (XI)

Fasciculus gracilis

Spinal nerve C1



2. Optic nerves H1HZK

7~ B2\ Opti P i
ANTERIOR 7 \ Optic (ll) ,
ii nerves {{

/isual pathway:

Optic (Il) nerve

¢ Optic
. ; chiasm
Optic chiasm
Lateral
¢ geniculate
Optic tract nucleus of
¢ thalamus
Lateral geniculate Oz’gic_
nucleus of thalamus radiations
Primary
Optic radiations visual area
of cortex
¢ (area 17)in
Primary visual area occipital
of cortex (area 17) lobe
in occipital lobe POSTERIOR
(a) Inferior view (b) Superior view of transverse section

through eyeballs and brain



8. Vestibulocochlear nerves |
Fij JiE H B 14K

L SUPERIOR
VEST. NUCL.

MEDIAL " BRACHIA

| GENICULATE OF INF.

UPPER
MEDULLA

CORRESPONDENCE BETWEEN

COCHLEA AND ACOUSTIC
AREA OF CORTEX:
INFERIOR P P Blue — low tones

— - f Red — medium tones

’C'OI.l.ICUlUS A; =< i Yellow — high tones

STRUCTURE OF A CRISTA
(SCHEMATIC):

G. — Gelatinous Substance; H.— Hair
Colls;_S. — Supporting Colls; H.T.—
Nerve Fiber

SPINAL Hair Tufts; N.—
VEST.
NUCL.
ACSC’EI.?S%IV 1
NUCL. | | Noave

SECTION THROUGH ;
A TURN OF BONY VESTIBULAR -
COCHLEA SHOWING MEMBRANE

NUCLEUS

e i i P > IRAL ORGAN OF
U, = Urriculus P ; 520 GANGLION CORT

MEDIAL
LONG.
o FASC.

foma l ; | sau
SPINAL VEST..SPINAL N AN TYMPANI
- TRACT

VENTRAL
COCHLEAR
NUCLEUS

STRUCTURE OF A MACULA
[SCHEMATIC):

0. — ; G. — Gelatinous l.rn

;I.T.-—- Hair Tufts; H. —Rﬂ" Cells;

o PP e



. . Superior colliculus
M I d b ral n Periaqueductal gray Tectum
matter Cerebral

Oculomotor ~ aqueduct
nucleus (l“) 4t - — Reticular
i i had s A" R i
Medial lemmscu_swa 2 2 5 fprmatuon
Ny . ' ‘
Red Eal <
nucleus

Substantia
nigra

Pyramidal
tract, forming
crus cerebri

Cerebral

Ventral peduncle

= Oneinchinlength
= Extends from pons to diencephalon

= Cerebral aqueduct connects 3rd ventricle above to 4th
ventricle below



POSTERIOR
Tectum

Superior colliculus

Gray matter
Reticular formation

Cerebral aqueduct

% Medial geniculate nucleus
o5 o .

Oculomotor nucleus

Medial lemniscus

| [Red nucieus |
// Substantia nigra
.~/ Corticospinal, corticopontine,

/ and corticobulbar fibers

Oculomotor () nerve

Cerebral
peduncle

 Cerebral peduncles---clusters of motor & sensory fibers
* Substantia nigra 2. % ---helps controls subconscious muscle activity

* Red nucleus ‘= +%-- rich blood supply & iron-containing pigment

* cortex & cerebellum coordinate muscular movements by sending
information here from the cortex and cerebellum



Parkinson's disease is a neurodegenerative disease characterized, in
part, by the death of dopaminergic neurons in the substantia nigra

superior colliculus

ventralspinothalamic tracts

cerebral aqueduct

mesencephalic n. CN V
_medial geniculate body

CN III n. nucleus
(Edinger-Westphal) ~=====~~__ ,
X oy \ U lateral spinothalamic

tracts
----Substantia nigra

corticopontine
tracts

........

pyramidal tract
''''' (corticospinal)

corticopontine tracts

-
_________

Substantia nigra with loss of cells and Lewy

19-31

body pathology



https://en.wikipedia.org/wiki/Neurodegenerative_disease
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Reticular Formation
PR EH

* Scattered nuclei in medulla, pons Awake
& midbrain

* Reticular activating system

e alerts cerebral cortex to sensory
signals (sound of alarm, flash light,
smoke or intruder) to awaken from
sleep

* maintains consciousness & helps
keep you awake with stimuli from
ears, eyes, skin and muscles

ARAS

 Motor function is involvement

with maintaining muscle tone ® Acetylcholine
o Glutamate

* Norepinephrine
« Serotonin



Cerebellum /N

Functions: Coordinating skilled movements; regulate posture and balance
All skilled motor activities, from catching basketball to dancing

Superior

CEREBELLAR
PEDUNCLES:

SUPERIOR
MIDDLE

INFERIOR

I Inferior

: ANTERIOR
/- - A\ Fourth
ventricle

X 3
ANTERIOR

LOBE /’Q&?’“h .‘
\ .(mm\ \

CEREBELLAR \ =
HEMISPHERE [FANIETY

POSTERIOR | A
e 2N FLocCULO-
NODULAR

LOBE
VERMIS

VERMIS

POSTERIOR
POSTERIOR POSTERIOR
. (MIDDLE)
(b) Inferior view LOBE

(a) Superior view
© Addison Wesley Longman, Inc.



Cerebellar hemispheres and vermisisl$s
Anterior and Posterior lobes: subconscious movements of skeletal muscles

Flocculonodular lobe-|: # 4 # : the sense of equilibrium
Cerebellar hemispheres cortex-| *& X 3£ £ & (folia ] *& & ): Skilled movements

Superior

CEREBELLAR
PEDUNCLES:

SUPERIOR
MIDDLE

INFERIOR

I Inferior

: ANTERIOR
/- M Fourth
ventricle

ANTERIOR
LOBE

CEREBELLAR
HEMISPHERE ||

CEREBELLAR

s \ ) =/

A\ HEMISPHERE N
A8\ N e

POSTERIOR
(MIDDLE)

LOBE 2N FLocCULO-

NODULAR
LOBE

VERMIS

VERMIS POSTERIOR POSTERIOR
POSTERIOR
' (MIDDLE)
(b) Inferior view LOBE

(a) Superior view
© Addison Wesley Longman, Inc.



Cerebellar Peduncles -) #g%r

Inferior cerebellar peduncles: medulla oblongata and spinal cord
Middle cerebellar peduncles: pons (sensory input from pons)
Superior cerebellar peduncles: midbrain (motor output to midbrain)

AT : |
(7 s VAN Superior colliculus '\ YA Pineal gland
: £ oV j — Posterior commissure
Inferior colliculus
Mo Mammillary body
Cerebral aqueduct L
P\Q{/ Cerebral peduncle
WHITE MATTER S|
(ARBOR VITAE) h ey \\% e QCUlOMOLOF (1) NEPVE
SITE OF L N AT Fons
CEREBELLAR ? "_b _.,..‘ s = - 1 :{";....‘ :\ —= Fourth ventricle
NUCLEUS Jorgralig e , Ao
FOLIA ;A;’_ A : M Medulla oblongata
B -"'-'..: Y = Median aperture
CEREBELLAR CORTEX hf“ r B s [ (e i
(GRAY MATTER) N = (A
Cerebelium ™% Central canal

of spinal cord

POSTERIOR ANTERIOR
(c) Midsagittal section of cerebellum and brain stem

© Addison Wesley Longman, Inc



Cerebellar Peduncles -] ", %r
——

Third ventricle

Habenular nuclei

Thalamus

Pineal gland

Corpora quadrigemina: _ — R G
Superior colliculi . e
Inferior colliculi

Lateral geniculate nucleus

Medial geniculate nucleus

Trochlear (IV) nerve

Median eminence g
Superior cerebellar peduncle

Middle cerebellar peduncle

Floor of fourth ventricle Inferior cerebellar peduncle

Facial (VIl) nerve

Vestibulocochlear
(VIII) nerve

Glossopharyngeal
(IX) nerve

Vagus (X) nerve
Accessory (XI) nerve

Posterior median sulcus

Fasciculus cuneatus

Fasciculus gracilis

Spinal nerve C1

* Superior, middle & inferior peduncles attach to brainstem
* inferior carries sensory information from spinal cord
* middle carries fibers from the pons
* superior carries motor fibers that extend to red nucleus



Cerebellar Functions: Motor learning and Cognitive functions
1. Lateral Hemispheres: Planning Movements

2. Intermediate zones: Adjusting limb movement

3. Vermis: Postural adjustments

4. Flocculus and Vermis: Eyes movements

Vermis

Intermediate
zone

Anterior Hemisphere

lobule

Hornzontal

fissure ™

semilunar

’ Ansiform
lobule

Inferior
semilunar

Posterior
lobe

Flocculonodular
lobe

Copyright © 2002 by Mosby, Inc.
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Diencephalon [Ef&

CEREBRUM

Epithalamus EfR

Thalamus rf$

DIENCEPHALON: ,,/

Subthalamus g M

Hypothalamus
Epithalamus
Pineal gland

Hypothalamus N1

BRAIN STEM:
Midbrain
Pons
Medulla oblongata

Infundibishum A
Pituitary gland

CEREBELLUM

Spinal cord

POSTERIOR i " ANTERIOR

(a) Diagram of medial view of brain in sagittal section
© Addison Wesley Longman, Inc.



Diencephalon [5f$

Cerebral hemisphere

Septum pellucidum Corpus callosum

Fornix
Interthalamic Choroid plexus
adhesion
(intermediate g
mass of thalamus) [ = S

Thalamus
(encloses third ventricle)

Interventricular +——= - Pineal body/gland

foramen (part of epithalamus)
Corpora
quadrigemina
Midbrain
Hypothalamus Cerebral
Optic chiasma agquedtict
Pituitary gland

Arbor vitae
Fourth ventricle

Mammillary body Choroid plexus
Pons Cerebellum
Medulla oblongata

Spinal cord



Superior

Thalamus Cerebral cortex
Fornix
( Cerebral white Corpus callosum
::zrathalamus - Pineal gland il Anterior horn of
dland ry Midbrain ::r;t:;:lael lateral ventricle

Pons Thalamus

Interthalamic
adhesion

Hypothalamus

Basal ganglia

Medulla oblongata

Inferior horn of
lateral ventricle

Third ventricle

1 inch long mass of gray mater in each half of brain (connected
across the 3rd ventricle by intermediate mass)

 Relay station for sensory information on way to cortex
* Crude perception of some sensations



Thalamus 1 fi5:

Principal relay station for sensory
Impulses from spinal cord to cortex
Spinothalamic tracts

(pain, temperature, and pressure)

Frontal plane through
postcentral gyrus

(a) Frontal section of primary somatosensory area in
right cerebral hemisphere
© Addison Wesley Longman, Inc.

Primary somatosensory
area of cerebral cortex

5

2 LEFT SIDE

Q 2

THIRD-ORDER
NEURON

SECOND-
ORDER
NEURON

RIGHT SIDE

OF BODY Posterior

gray horn

Lateral
spinothalamic
tract

FIRST-ORDER
NEURON

Spinal nerve

Anterior
spinothalamic
tract

Receptors for pain, Spinal cord

cold, warmth, crude
touch, pressure,
tickle, oritch

© Addison Wesley Longman. Inc.



Thalamus [t fi&:

*Medial geniculate nucleusJiEiR#%: hearing

*Lateral geniculate nucleus¥pigiRki%: vision

*Ventral posterior nucleus: taste and somatic sensations such as touch,
pressure, vibration, heat, cold and pain)

*Anterior nucleus: emotions and memory

*Ventral lateral nucleus and Ventral anterior nucleus: voluntary motor
actions and arousal

Cognition center g2&15,(» awareness and in the acquisition of
knowledge

Internal medullary lamina

POSTERIOR o sy ( \ ANTERIOR

Ventral posterior nuclei

Anterior nucleus

Medial geniculate nucleus

_ Ventral anterior nucleus
Hearing

Ventral lateral nucleus

Lateral geniculate nucleus
Vision
(a) Diagram of right lateral view showing thalamic nuclei
© Addison Wesley Longman, Inc.



Thalamus ¥ %g:

*Ventral posterior nucleus: taste and somatic sensations such as touch,
pressure, vibration, heat, cold and pain)

*Anterior nucleus: emotions and memory

*Ventral lateral nucleus and Ventral anterior nucleus: voluntary motor actions
and arousal

Cognition center 4 ¥ & awareness and in the acquisition of knowledge

Medial Internal medullary

lamina

Reticular _ g

Intermediate

mass Pulvinar

- Anterior

Lateral

e Lateral osterior
Intralaminar
~ Ventral nuclei
anterior
Internal medullary )
lamina Reticular
Lateral posterior Fym— vrite)
Pulvinar lateral e
Medial Lateral Ventral Midline
geniculate geniculate posterior
(d) Superolateral view of thalamus showing locations (e) Transverse section of right side of thalamus
of thalamic nuclei (reticular nucleus is shown showing locations of thalamic nuclei

on the left side only; all other nuclei are shown on the
right side)



Thalamic Nuclel

The Thalamus 7© prefrontal
co.

rtex

Nuclei have different G Internal
roles {surrounding thalamus) m|ed ullary
. . Pt shown Intralaminar A

1. relays auditory and visual noclol

. /\ Anterior

impulses, taste and SR T S . clei

somatic sensations Nucleus — __

Internal

2. receives impulses from medullary

cerebellum or basal lsming

ganglia

. TO auditory
3. anterior nucleus cortex .
. . Pulvinar
concerned with emotions,
memory and acquisition .
. Medial
of knowledge (cognition) Geniculate
Body Centrum
Lateral medianum 0 n_votor
Geniculate cortices
Body
e ————————— == === == TO somatosensory
cortex
TO visual
cortex TO posterior

association cortex



Subthalamus & % *&:

control skeletal muscle
movements and muscle tone
Motor cortex

- subthalamic nuclei

—>red nuclei and substantia nigra




Hypothalamus

mammilary region A FH[%: mammilary bodies and posterior hypothalamic nucleus
mammilary bodies# BE#a: relay stations in reflexes to the sense of smell.

tuberal regionE&: dorsomedial, ventromedial and arcuate nuclei

tuber cinereum k% and infundibulumjfz=} - pituitary gland

Median eminence Il H1[£#E: *Master of endocrine system

hypothalamic regulating hormones—->anterior pituitary

Thalamus Intermediate mass Fornix

Lateral hypothalamic nucleus

(S 1
L
1, 1 5 >_-;/;/
—— Dorsal hypothalamic
nucleus

Corpus callosum

Dorsomedial nucleus Anterior commissure

Paraventricular

Posterior hypothalamic
nucleus

nucleus

Lateral preoptic
nucleus

Posterior commissure

Medial preoptic

Pineal gland nucleus
: Anterior
Ventromedial nucleus hypothalamic
Midbrain e
Suprachiasmatic
M illary bod: - nucleus
ammiliary, Y Arcuate ; i
nucleus 2 . Supraoptic nucleus
Tuber \ — Optic (ll) nerve
Poiis . | cinereum
'/ Median Optic chiasm
j—”"  eminence
Pituitary gland: Infundibulum
Posterior lobe
Anterior lobe
POSTERIOR Sagittal section of brain showing hypothalamic nuclei ANTERIOR

© Addison Wesley Longman, Inc.



Hypothalamus

= Dozen or so nuclei Paraventricular —
. . . nucleus
In 4 major regions Anterior |
commissure Dor;somedlal
: nucleus
= Paraventricular nu. & Preoptic N\ \
supraoptic nu. send hucteus - Posterior
Anterior . Y hypothalamic
axons through the hypothalamic nucleus
infundibulum into nucleus & e
. Supraoptic - ypothalamic
posterior lobe of the e £ 4 area
pituitary gland Suprachiasmatic : ‘&;g Ventromedial
nucleus . = nucleus
Optic Arcuate Mammillary
chiasma nucleus body
Infundibulum e Pituita
(stalk of the |' wd Y
pituitary gland) ‘ gean

* Major regulator of homeostasis

* receives somatic and visceral input, taste, smell & hearing information; monitors
osmotic pressure, temperature of blood



Tuberal region ¢ %:

dorsomedial, ventromedial and
arcuate nuclei

tuber cinereum % ¢ and
infundibulum & &
—>pituitary gland

Median eminencei *® 4 42:
*Master of endocrine system
hypothalamic regulating
hormones - anterior pituitary

PITUITARY PORTAL SYSTEM

ANTERIOR LOBE OF
PITUITARY GLAND

\ POSTERIOR LOBE OF
/ PITUITARY GLAND

SINUSOIDS

ACIDOPHIL —
(AtPHA CELL)
LATERAL

HYPOPHYSIAL VEIN
. (COWFCTING VEIN)

e

©CIBA

BASOPHILS <|
(BETA CELLS AND —PH
DELTA CELLS)

.‘.(,.,,,..A,\.v T —
A O S SS v KU\ o s o
— o

CHROMOPHOBES <4}
(INCLUDING GAMMA
CEULS)

" : T i FSEONADOTRO

I; > FOLLICLE — STIMULA!
HORMONE

LUTEINIZING HORMONE

(=INTERSTITIAL-CELL—

STIMULATING
HORMONE )

LUTEOTROPIN
(=PROILACTIN |

THYROTROPIN DIABETOGENIC

FACTOR

SOMATOTROPIN
(=GROWTH FACTOR)

ADRENOCORTICOTROPIN

LIVER

)i

THYROID

ADRENAL

INSULIN
A

OVARY
o s s

PANCREAS

ADRENAL CORTICAL
RONE
e TESTOSTE

ESTROGEN
PROGESTERONE

THYROID
HORMONE




Supraoptic regionfqi & &

Paraventricular nucleusfis

%
—> supraopticohypophyseal tract

NEURONE OF SUPRA-OPTIC NUCLEUS
WITH APPARENT CONDUCTION
OF SECRETION ALONG NERVE FIBER

Supraoptic nucleusfHFE 1%
9

THEORIES OF ORIGIN OF
ANTIDIURETIC HORMONE

posterior pituitary

1 PITUICYTES CELL OFf
RELEASE HORMONE SUPRA-OF TIC
A-OPTIC ARTERY c
(snliz:ﬂfs AND BATHES SUPRA-OPTICO- UNDER NERVOUS NUCLED
CELLS OF SUPRA-OPTIC HYPOPHYSIAL TRACT INFLUENCE
AND PARAVENTRICULAR (NEUROSECRETORY ROUTE
NUCLEI. OSMOTIC TO POSTERIOR LOBE
PRESSURE OF BLOOD OF PITUITAPY CLAND)
INFLUENCES RATE OF -
SECRETION BY CELLS AND i
™ RATE OF ABSORPTION) u
L] P
euroenaocrine
¢ POSTERIO
STERIOR <
POSTERIOR LOBE AN
° (ANTIDIURETIC HORMONE LEBE \
ABSORBED BY CAPILLARIES)
. OXYytocCIn —
~

g ELL OF
SUPRA-OFTIC
XNUCLFUS

2. vasopressin PHLF PRI =
(antidiuretic hormone, ADH )

2. HORMONE
PRODUCED A5

Z S
POSTERIOK LOBE NEUROSECRETION

BY CELLS IN 2
M SUPRA-OPTIC NUCLEUS
A KIDNEYS VIA AND CONDUCTED
\ GENERAL BY NERVE FIBERS
CIRCULATION) TO POSTERIOR LOBRE NEURO-
FOR STORAGE SECRETION

OR ABSORPTION

POSTERIOR
LOBE

CAPILLARY

INFERIOR HYPOPHYSIAL ARTERY




Functions of
hypothalamus:

1. controls and integrates
activities of the autonomic
system

Anterior hypothalamic area
(parasympathetic)

Posterior hypothalamic
area
(sympathetic)

Lateral hypothalamic area
(thirst and hunger)

(CONSTRICTION OR DILATATION)
A

FRONTAL LOBE

CONNECTIONS DIENCEPHALON

MEDIAL
THALAMIC
NUCLEUS

DTHER
CORTICAL AND
RHINENCEPHALI
CONNECTION:!

- POSTERIOR
. VENTRAL
~ THALAMIC
. NUCLEUS

OSTERIOR
YPOTHALAMIC ARE,

\TERAL
POTHALAMIC ARE/

=— NUMBER OF
SYNAPSES
EN ROUTE

NOT KNOWN
‘ V (TRIGEMIN,
AFFERENT PRESSOR (TRIGEMINAL)
AND DEPRESSOR
IMPULSES N—

(5
-y

NUCLEUS TRACTUS
SOLITARIUS

DORSAL MOTOR NUCLEUS
OF VAGUS
IX (GLOSSOPHARYNGEAL)

e ——

PRESSOR CENTER o N 2 - e
DEPRESSOR CENTER

DEPRESSOR NERVE
CAROTID SINUS NERVE

BLOOD VESSELS

ADRENAL

f PERIPHERAL  VISCERAL |

MEDULLA
(EPINEPHRINE)

(INCLUDING DECELERATOR
KIDNEY)

IMPULSES

b~ ACTIVATOR
” INHIBITOR

CAROTID
SINUS

TO HEART
(ACCELERATOR)

CELIA; . |

GANGLION ’ CHAIN

SYMPATHETIC

=)

e -l ——— ——
4

LOCAL
MODIFYING
REFLEXES



2. associated with feelings of rages and aggression.

Dorsomedial nucleus (%) vs. Ventromedial nucleus ()

3KD VENIRICLE
MEDIAL NUCLEI

INTRALAMINAR NUCLEI OF THALAMUS

LATERAL NUCLEI
MAMMILLOTHALAMIC TRACT

INTERNAL CAPSULE
3RD VENTRICLE

DORSAL HYPOTHALAMIC AREA

ORSOMEDIAL NUCLEUS

STIMULATION OF THIS REGION

FORNIX (COLUMN)

LATERAL NUCLEUS
OR

IVENTROMEDIAL NUCLEUSI

DESTRUCTION OF THIS REGION

PRODUCES

¥

‘(lB\




3. regulates the body
temperature

Heat disposal region:
Anterior hypothalamic
area
(parasympathetic)

Temperature maintenance
region:

Posterior hypothalamic
area

(sympathetic)

TEMPERATURE MAINTENANCE 8
REGION ;

HEAT DISPOSAL
REGION ™~

5 4
7

NEUROHUMORAL MECHANISM
FOR INCREASING THYROTROPIC
ACTIVITY OF ANTERIOR LOBE

TO ELEVATE METABOLISM

k-

PITUITARY
GLAND

THYROTROPIC
HORMONE

‘ RESPIRATORY
AREA
(INSPIRATORY

AND
EXPIRATORY )

INCREASED THYROID :
ACTIVITY Y/, b
SHIVERING /i \

N 4 i

| —98.6°F. 37.0°¢) ACCELERATED
¢ RESPIRATION,
PANTING

CARDIO-
VASCULAR
AREA

CUTANEOUS
BLOOD VESSELS
CONSTRICTION
(DILATATION?)

ACETYLCHOLINE

SYMPATHETIC
GANGLION

A
H
|\
!

9,‘\ PERSPIRATION

LESIONS (BLACK) WHICH DISRUPT BOTH
TEMPERATURE MAINTENANCE AND
HEAT DISPOSAL MECHANISMS BY
INTERRUPTING DESCENDING PATHS
(LESIONS IN CAUDAL PART OF
HYPOTHALAMUS, ESPECIALLY LATERAL AREAS)

INTERNAL CAPSULE

POSTERIOR HYPOTHALAMIC AREA
SUBTHALAMUS

CEREBRAL PEDUNCLE

LATERAL HYPOTHALAMIC AREA
MAMMILLARY BODY

4

©CIBA



THALAMUS
MAMMILLO-

THALAMIC
TRACT

4. requlate food intake:
feeding (hunger) center &
satiety center

DORSAL
HYPOTHALAMIC
AREA

DORSOMEDIAL =
NUCLEUS

LATERAL
HYPOTHALAMIC
AREA e L

SUPRA-OPTIC
NUCLEUS

{
% ‘4’ & 7
& - w - e~ VENTROMEDIAL . . e
& & . T nucteus — o
LESIONS (BLACK) IN " LESIONS (BLACK) IN
VENTROMEDIAL . \ A EXTREME LATERAL

NUCLEI PART OF HYPOTHALAMUS

feeding (hunger) center
s A

Lateral hypothalamic area

satiety center (8¢ /& = H&):

Ventromedial nucleus (VM)
()

LOSS OF APPETITE

HYPOTHETICAL LESIONS (AS INDICATED BY TUMOR)
IN HYPOTHALAMIC AREAS MAY CAUSE

LOSS OF APPETITE RESULTING IN

SEVERE EMACIATION




thalamostriate fibres

Nucleus of prerubral

Pallidohypothalamic'

CELLS OF SUPRA-OPTIC NUCLEUS BATHED W A, S T S O I
BY BLOOD. INCREASE OR DECREASE OF
PRODUCTION AND RELEASE OF ANTIDIURETIC
HORMONE REGULATED BY

OSMOTIC CONDITIONS IN BLOOD

)

J 0] WATER AND ELECTROLYTE LOSS
A VIA GUT (VOMITING, DIARRHEA)

/" OR CAVITIES (ASCITES, EFFUSION)

OR EXTERNALLY (SWEAT, HEMORRHAGE)

5. thirst center [C1)&HHa:
regulate osmotic pressure
of extracellular fluid

FLUID INTAKE
(ORAL OR
PARENTERAL)

WATER AND

ELECTROLYTE

EXCHANGE

BETWEEN BLOOD

AND TISSUES (NORMAL

OR PATHOLOGICAL (EDEMA] )
el

P

paraventricular nucleus iy
supraoptic nucleus—>
posterior pituitary (ADH)

HYPOTHALAMIC
ARTERY AND VEIN

ANTIDIURETIC
HORMONE e
APPROX, 70-100 LITERS
OF FLUID FILTERED
FROM BLOOD PLASMA
ANTERIOR LOBE BY GLOMERULI IN 24
POSTERIOR HYPOPHYSIAL VEIN HOURS

Zona Incerta reg u Iatl O n Of APPROX. 125 ml./min. ARE FILTERED THROUGH
drinking bEhaVior GLOMERULUS

(0.06 ml./min. FOR EACH GLOMERULUS)

. . OSMOTIC GRADIENT OF GLOMERULAR |  pROXIMAL
Thalamic facsiculus FILTRATE CAUSES REABSORPTION OF CONVOLUTED
(field H, of Forel) WATER AND A NUMBER OF SOLUTES § TUBULE i

AND ELECTROLYTES OF
GLOMERULAR FILTRATE
REABSORBED LEAVING
15—20 LITERS PER 24

HOURS ’

‘ 80—85% OF WATER

HENLE'S

ADJUSTMENTS OF OSMOTIC PRESSURE LOOP

AND ACID-BASE BALANCE

PRESUMABLE SITE OF FINER }

Dentothalamic
rubrothalamic and

ANTIDIURETIC HORMONE

Prerubral field
(field H of Forel) ™|

REABSORPTION OF WATER AGAINST OSMOTIC DISTAL
PRESSURE OF BLOOD CONTROLLED BY CONVOLUTED
ANTIDIURETIC HORMONE. APPROXIMATELY TUBULE

1 ml. URINE EXCRETED PER MINUTE 14-18 LITERS REABSORBED

PER 24 HOURS UNDER
REGULATORY INFLUENCE
OF ANTIDIURETIC
HORMONE RESULTING IN
1-2 LITERS OF FINAL
URINE PER DAY

or tegmental field

fasciculus

y/

N \
f N’g’ﬂy COLLECTING TUBULE

1A



6. biological clock, maintains the waking state and sleep patterns
Suprachiasmatic nucleus

Thalamus Intermediate mass Fornix

Lateral hypothalamic nucleus

Dorsal hypothalamic
nucleus

Corpus callosum

Dorsomedial nucleus Anterior commissure

Paraventricular

,lzszt:S:r hypothalamic =
Posterior commissure Lateral preoptic
nucleus
Medial preoptic
Pineal gland nucleus
’ Anterior
Ventromedial nucleus hypothalamic
Midbrain nucleus
Suprachiasmatic
Mammillary body nucleus
Supraoptic nucleus
— -/ cinereum Optic (Il) nerve
= Optic chiasm
/;; eminence
/ Pituitary gland: Infundibulum
Posterior lobe
Anterior lobe
POSTERIOR Sagittal section of brain showing hypothalamic nuclei ANTERIOR

@ Addizon Wesley Longman, Inc.



7. Endocrine functions:

tuber cinereum and infundibulum - pituitary gland
Median eminencei ¥ f4£4=: *Master of endocrine system
hypothalamic regulating hormones—->anterior pituitary

Hypothalamic cells producing
releasing factors

Median
eminence|

é/

Superior
hypophysial
artery

Pars distalis of
adenohypophysis

Veins

Figure 11-17. The pituitary portal system. Arteries are red; veins are

blue; neurons that secrete releasing hormones are black.

Paraventricular _

Neurohypophysis E

nucleus

__Supraoptic
nucleus

Median eminence

Pituitary stalk ————____
(infundibular
stem)

Neural lobe
(pars nervosa,
or infundibular

process)
—

Anterior lobe
(pars distalis;
adenohypophysis)

Figure 11-16. Hypothalamo-hypophysial tract and the parts of
the neurohypophysis.



Summary of the Functions of Hypothalamus

e Controls and integrates activities of the ANS which
regulates smooth, cardiac muscle and glands

* Synthesizes regulatory hormones that control the
anterior pituitary

* Contains cell bodies of axons that end in posterior
pituitary where they secrete hormones

* Regulates rage, aggression, pain, pleasure &
arousal

* Feeding, thirst & satiety centers
e Controls body temperature
* Regulates daily patterns of sleep



Epithalamus_EfR Fr:
Pineal gland fAS-45:

secretes melatonin (more in the darkness, promoting sleepiness)

Habenular nuclei ¥&5%:

olfaction (smell), especially emotional responses to smells

Habenular nuclei

Pineal gland

Corpora quadrigemina:
Superior colliculi
Inferior colliculi

Dorsomedial nucleus

Posterior hypothalamic
nucleus

Posterior commissure
Median eminence

Dorsal hypothalamic
nucleus

Pineal gland
Ventromedial nucleus

Midbrain

Floor of fourth ventricle
Mammillary body

Pons

Arcuate
nucleus

./ Tuber

Posterior median sulcus

Fasciculus cuneatus

Fasciculus gracilis
. POSTERIOR

Median
eminence

/ Pituitary gland:
) Posterior lobe
Anterior lobe

© Addison Wesley Longman, Inc.

Intermediate mass

cinereum / N

Sagittal section of brain showing hypothalamic nuclei

Lateral hypothalamic nucleus

Corpus callosum
Anterior commissure

Paraventricular
nucleus

Lateral preoptic
nucleus

Medial preoptic
nucleus

Anterior
hypothalamic
nucleus

Suprachiasmatic
nucleus

Supraoptic nucleus
Optic (Il) nerve

Optic chiasm

Infundibulum

ANTERIOR



Epithalamus [ f& The Old part of Diencephalon

A. Pineal body (epiphysis): No Neurons

1. Glia cells (astrocytes)

2. Parenchymal cells (pinealocytes)

3. Nerve fibers: serving primarily as the terminals of postganglionic sympathetic
neurons from the superior cervical ganglion (SCG)

4. Calcareous accumulations (brain sands)

5. Function: secretes melatonin (more in the darkness, promoting sleepiness)

6. seasonal maintenance and regression of gonadal cycling (in birds)

) Third ventricle
Habenular nuclei

Pineal gland - Thalamus

Corpora quadrigemina:
Superior colliculi
Inferior colliculi

Lateral geniculate nucleus

Medial geniculate nucleus

Trochlear (IV) nerve

Median eminence

Superior cerebellar peduncle

Middle cerebellar peduncle

Floor of fourth ventricle Inferior cerebellar peduncle

Facial (VII) nerve

Vestibulocochlear
(VII) nerve

Glossopharyngeal
(IX) nerve

Vagus (X) nerve

Posterior median sulcus

’ Accessory (XI) nerve
Fasciculus cuneatus ry (XI)

Fasciculus gracilis

Spinal nerve C1



Pineal gland (pineal body)
Biological clock ? = hypothalamus
(suprachiasmatic nucleus)

Neuroendocrine transducer: |
to convert a neuronal signal
(such as light and dark) to a
endocrine signal (shifting
concentrations of hormone
secretion)

Melatonin FARIREBEREER):

a derivative of serotonin;
steady secretion of melatonin
at night; inhibition of melatonin
secretion by light

Circadian rhythm H FEHEAf#

pituitary gland

ic chiasm
@




Cerebrum X

The surface of cerebrum (gray matter) - cerebral cortex
Gyrus (gyri): foldsf3l

FissuresZ4: deepest grooves between folds
*Longitudinal fissure (cerebral hemispheres)

Sulcus (sulci);#: shallower grooves

ANTERIOR

Frontal lobe

Longitudinal fissure

Precentral gyrus

Central sulcus
Qs Parietal lobe
Postcentral gyrus

Sulcus

Cerebral
cortex '
Cerebral \&= 0 W o S R
white matter R b o e Occipital lobe
Fissure N :
Left hemisphere Right hemisphere
POSTERIOR

Details of a gyrus,
sulcus, and fissure (a) Diagram of superior view
© Addison Wesley Longman, Inc.



Five lobes

(A) Lateral view Central sulcus

Frontal lobe Parietal lobe

Occipital lobe

Sylvian fissure

Temporal lobe

© 2002 Sinauer Associates, Inc.



Lobes: Frontal, Parietal, Temporal, and Occipital Lobes

*Insula [ E;: lies deep within the lateral cerebral fissure, deep to the
parietal, frontal and temporal lobes.

Postcentral gyrus
Parietal lobe

Central sulcus

Precentral gyru:

Parietoccipital sulcus
Frontal lobe

- Insula (projecte:
to surface)

Occipital lobe

Lateral cerebra!
sulcus
Temporal lobe

Transverse fissure

Cerebellum

(d) Right lateral view



Cerebrum X

Corpus callosum fikES: transverse fibers (white matter) connected
hemispheres

uperior Midsagittal plane
through brain

A

Anterior

SUPERIOR

Cerebral cortex

COMMISSURAL AND
s R, AR A NN . PROJECTION FIBERS

ASSOCIATION .

FIBERS BRR L N Z

Septum pellucidum

COMMISSURAL FIBERS:
CORPUS CALLOSUM
ANTERIOR COMMISSURE

Mammillary body

POSTERIOR ANTERIOR

INFERIOR

Medial view of white matter tracts revealed by scooping
out gray matter from a midsagittal section



Longitudinal

Corpus callosum fissure
(commissural
fibers) Gray matter
SOlonR White matter
radiata

Lateral

- ventricle
Caudate

Fornix
Basal ganglia—- Putamen

Third

|_Globus pallidus —— '+ .
5. T ventricle

Internal
capstle Thalamus
Subthalamic
nucleus
Projection Fans
fibers
- » Medulla
ecussation oblongata

of pyramids




Basal Ganglia £JEEf%:

(substantia nigra, red nucli,
and subthalamic nuclei)

Functions: motor control for fine
body movements




Corpus striatum X} %4

*Caudate nucleus & ; +%: head, body and tail->amygdaloid body
Lenticular nucleus & & % *Putamen &k +%

*Control the large automatic movements of skeletal muscles,
such as swinging the arms while walking

I ;
Lateral ventricle Body of caudate

nucleus

Frontal lobe of
. .A cerebrum

Thalamus

Tail of caudate Lenticular nucleus

nucleus
o Head of caudate
|
Occipital lobe nucleus
LRl Amygdaloid body
POSTERIOR ANTERIOR

(a) Diagram of lateral view of right side of brain

& Addison Wesley Longman, Inc



Corpus striatum &GIRNES:

Globus pallidussZ 1 £k: regulation of muscle tone required for specific body
movements

Stroke >Basal ganglia: paralysis of the side of the body opposite to the
damage

Longitudinal fissure

Cerebrum

Septum pellucidum
Corpus callosum

Lateral ventricle
Internal capsule atera

Caudate nucleus
| Corpus
Insula Putamen striatum
Thalamus Lentiform
Globus nucleus
Subthalamic nucleus pallidus i

Third ventricle

Hypothalamus
Optic tract



Corpus striatum

W ;b t% .
Longitudinal fissure

Globus pal lid US% EI })T{ Septum pellucidum

Cerebrum
Corpus callosum

regulation of muscle el capaide Lateral ventricle
. Caudate nucleus
tone required for sl
specific body e e
movements Subthalamic nucleus T
ird ventricle

Stroke &, > Basal e optoact
ganglia: paralysis of
the side of the body
opposite to the damage

(| "N Zr. Hemorrhagic 1| ' \ Vo Ischemic

i —_— Stroke _— Stroke

»w )»—;z Weakened/diseased - i H

,‘ & blood mveps;zil: , N 7

Blood clots stop the
flow of blood to an area
of the brain

Blood leaks into
brain tissue

® Heart and Stroke Foundation of Canada




Functional organization of the cerebral cortex

Central sulcus PRIMARY
MOTOR AREA

(precentral gyrus)

PRIMARY SOMATOSENSORY
AREA (postcentral gyrus) PREMOTOR AREA
SOMATOSENSORY
ASSOCIATION AREA FRONTAL EYE
FIELD AREA
Parietal lobe
COMMON
INTEGRATIVE Frontal lobe
AREA PRIMARY
, GUSTATORY
WERNICKE'S AREA AREA
VISUAL BROCA'S SPEECH
ASSOCIATION AREA
AREA
PRIMARY
VISUAL Lateral cerebral
AREA sulcus
Occipital lobe
Temporal lobe AUDITORY iEgARY AdDIRaRY
ASSOCIATION
AREA
POSTERIOR ANTERIOR

Brodmann’s map of the cerebral cortex, first published in 1909



Functional Areas of the Cerebral Cortex

Sensory areas

Primary somatosensory area (#1, #2, #3): postcentral gyrus of frontal lobe
Primary visual area (#17): medical surface of occipital lobe

Central sulcus

PRIMARY

MOTOR AREA
PRIMARY SOMATOSENSORY (precentral gyrus)
AREA (postcentral gyrus)

SOMATOSENSORY PREMOTOR AREA
ASSOCIATION AREA
Parietal lobe FRONTAL EYE
FIELD AREA
GNOSTIC AREA
Frontal lobe
VISUAL PRIMARY
ASSOCIATION GUSTATORY
MOTOR SPEECH
PRIMARY (BROCA'S) AREA
VISUAL Lateral cerebral
AREA sulcus
Occipital lobe
WERNICKE'S AREA
PRIMARY AUDITORY
RR ASSOCIATION ARER
POSTERIOR ilo ANTERIOR
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Sensory areas

Primary auditory area (# 41 and # 42): superior part of temporal lobe
Primary gustatory area (# 43): the base of the postcentral gyrus superior to
the lateral cerebral sulcus in the parietal lobe

Primary olfactory area (# 28): temporal lobe

Central sulcus
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Somatosensory Map

Frontal plane through
postcentral gyrus

Sensory homunculus




2. Motor areas

Primary motor area (# 4): precentral gyrus of frontal lobe
Motor speech area (# 44 and # 45; Broca’s area): *On the left frontal lobe

Central sulcus
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Motor Areas of Cerebral Cortex

Central sulcus

PRIMARY
PRIMARY SOMATOSENSORY MOTOR AREA
recentral gyrus
AREA (postcentral gyrus) P gyrus)
SOMATOSENSORY W PREMOTOR
ASSOCIATION AREA ‘,7 f o AREA
ok |
Parietal lobe = / sk FRONTAL EYE
,,/ / / FIELD AREA
COMMON : =
INTERGRATIVE P
AREA Frontal lobe
PRIMARY
VISUAL :
ASSOCIATION| Sgg;monv
AREA ‘
BROCA'S
PRIMARY SPEECH AREA
VISUAL Lateral cerebral
AREA sulcus
Occipital lobe
WERNICKE'S AREA
AUDITORY PRIMARY
Temporal lobe ASSOCIATION AUDITORY AREA

AREA

* Voluntary motor initiation
* Primary motor area = 4 = precentral gyrus
 controls voluntary contractions of skeletal muscles on other side

* Motor speech area = 44 = Broca’s area
 production of speech -- control of tongue & airway



Language

Language areas are located in the left cerebral hemisphere
of most people

Arcuate fasciculus

19,18,17

Expressive (Motor) speech area (Broca’s area)

Receptive (Sensory) language area (Wernike's area)



Lateralization of the

cerebral cortex

Left hemisphere:

1. control of muscles on right side
of body

2. Spoken and written language
3. Numerical and scientific skills
4. Reasoning

Right hemisphere:

1. control of muscles on left side
of body

2. Musical and artistic awareness
3. Space and pattern perception
4. Insight

5. Imagination

6.Generating mental images to
compare spatial relationships

ANTERIOR

Left side contj
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awareness

H Igfh(sléle' control
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Cerebrum: limbic system (Emotional Brain):# s % 5t

Fornix

Stria medullaris

otria terminalls —

Hippocampus —

Dentate gyrus

Anterior nucleus of thalamus
Mammillothalamic tract

Corpus callosum

Cingulate gyrus
(in frontal lobe)

Anterior commissure

Septal nuclei

Mammillary body
in hypothalamus

Olfactory bulb

Amygdala

Parahippocampal gyrus
(in temporal lobe)

= Parahippocampal & cingulate gyri & hippocampus
= Emotional brain--intense pleasure & intense pain
= Strong emotions increase efficiency of memory




Limbic System (Emotional Brain)i¥ % & st

1. Limbic lobe: parahippocampal and cingulate gyri
Hippocampusi % : memory

2. Dentate gyrus# ;%

3. Amygdaloid body z = %

4. Septal nuclei¥ Fg %

5. Mammilary body of the hypothalamus

Antenor nucleus of thalamus

o BN : Mammillothalamic tract
. S : ' - Corpus callosum

Cingulate gyrus

y % (in frontal lobe)
Fornix : J l{ X X — Anterior commissure
Stria medullaris 7 L Mammillary body

in

1 | ,

Stria terminalis N -—
ANy =

Hippocampus l‘
(in temporal lobe) | p_— AN \ \ .‘
Dentate gyrus -

—7  of hypothalamus
/' Septal nuclei

> Olifactory bulb

- ./ " ‘:..-.
e N oL /RN S Amygdaloid body

. -5 . - Parahippocampal gyrus
Db M = (in temporal lobe)
POSTERIOR Sagittal section ANTERIOR
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Limbic System (Emotional Brain)i# i % 3t
6. Anterior nucleus of the thalamus

7. Olfactory bulbs

8. Fornix# f&.:

white matter tracts connect the hippocampus to the hypothalamus
Stria terminalis ¥ %, stria medullaris#.5, and mammillothalamic tracts.
Emotions: pain, pleasure, anger, rage, fear, sorrow, sexual feelings, docility,

and affection

g
[ 3
: -

| =
Fornix y > 4 > % ‘(\
Stria medullaris jj[ /X 77

F

3 /&

{
Stria terminalis A J \
Lo A

Antenor nucleus of thalamus

Mammillothalamic tract
Corpus callosum

Cingulate gyrus
(in frontal lobe)

Anterior commissure
Mammillary body

' of hypothalamus

Hippocampus l —— Septal nuclei
(in temporal lobe) | N \ . / — —— Olfactory bulb
Dentate gyrus . _ - w - 4 _
: M — A // } Amygdaloid body
.\‘--\\ -5 — Parahippocampal gyrus
: e = (in temporal lobe)
POSTERIOR Sagittal section ANTERIOR
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The Brain

= Principal parts of the brain

= Protective coverings of the brain

= Cerebrospinal fluid %5 %* ¥&/%

= Brain stem & Cerebellum *§iz % /| %4

« 1

= Diencephalon ¥ "%

= Cerebrum = %4

= Cranial Nerves (Next week)

Autonomic Nervous System & Special Senses (Next week)



